Four new compounds, a dibenzylbutane lignin, plasiaticine F (1), an acetylenic glycoside, plasiaticine G (2), an indole alkaloid, plasiaticine H (3), and an ionone derivative, plasiaticine I (4), were isolated from the seeds of Plantago asiatica. The structures of the new compounds were elucidated on the basis of comprehensive analysis of spectroscopic data. Compounds 1-3 were tested for their cytotoxicity, but lacked significant activity.
The genus Plantago, family Plantaginaceae, contains about twenty species distributed in China. Seeds and plants are commonly used in folk medicines. A series of compounds, including polysaccharides [1, 2] , flavonoids [2] [3] [4] , caffeic acid glycoside esters [5, 6] , phenylethanoid glycosides [7, 8] , iridoid glucosides [9] [10] [11] [12] and triterpene acids [13, 14] , have been isolated and identified. Many of these compounds showed bioactivities, such as anti-inflammatory [15] , antibacterial [16] , antioxidant [17] , immunosuppressant [18] , analgesic [19] , and antiallergic [20] . P. asiatica L. is widely distributed in China, and has been used to treat fever, sputum [21] and inflammatory conditions [22] . Seeds of this genus have proven immunoregulatory activity [23] . In order to find structurally interesting and bioactive metabolites, we previously reported five indole alkaloids, named plasiaticines A-E [24] , including one novel indole alkaloid with a C 6 -C 3 unit connected to the aromatic ring of indole, isolated from the seeds of P. asiatica. In our continuing chemical investigations of this species, four new compounds (1) (2) (3) (4) were isolated, and here we report their isolation and structural elucidation ( Figure 1 ).
Compound 1 was isolated as colorless oil, with the molecular formula of C 27 H 32 O 12 , as determined by analysis of its NMR spectroscopic data and verified by HREIMS (m/z 548.1896; calcd 548.1894), indicating twelve degrees of unsaturation. The NMR spectroscopic data (Table 1) showed a carbonyl group (δ C 179.3 C-9ꞌ), twelve aryl carbons (two phenyl rings), one methylenedioxy (δ H 5.94, s, δ C 102.6), a group of a D-glucopyranose residue, two methoxyls (δ H 3.81 s, δ C 55.5), two methylenes (one oxygenated) and three methines (two oxygenated). The unusual low-field shifted carbon signal of an oxygenated methylene (δ C 73.1 C-9) was characteristic of a γ-lactone. Based on the NMR data, compound 1 showed a characteristic signal pattern of a dibenzylbutyrolactone lignan. The HMBC correlations ( Figure 2 ) of H-7ꞌ with C-9ꞌ and H-7 with C-9 suggested that oxygen was substituted at C-7ꞌ. The HMBC correlations of H-7 with C-2 (δ 113.0) and C-6 (δ 121.8), and H-2 with C-3 (δ 149.3) and C-4 (δ 150.6), H-5 with C-3 (δ 149.3) and C-4 (δ 150.6), and H-OMe with C-3 and C-4, respectively, as well as 1 H-1 H COSY correlations ( Figure 2 ) between H-5 and H-6 suggested that the two methoxyls were Compound 2 was obtained as colorless oil with a molecular formula of C 16 H 24 O 6 as deduced from HREIMS (found m/z 312.1574, calcd 312.1573) and NMR spectroscopic data, requiring five degrees of unsaturation. 1D NMR data showed two pairs of C=C double bonds, three methylenes (including an oxygenated one), a doublet methyl connected with a methine, and a D-glucopyranose residue [δ C 104.4 (C-1ꞌ), 75.1 (C-2ꞌ), 78.0 (C-3ꞌ), 71.6 (C-4ꞌ), 77.9 (C-5ꞌ), 62.7 (C-6ꞌ), (Table 2) ]. The remaining 24 units and two quaternary carbons of the 13 C NMR data suggested an alkynyl in compound 2. Compound 3 was obtained as colorless oil and had the molecular formula C 14 H 17 NO 6 as determined by analysis of its NMR spectroscopic data and verified by HREIMS (found m/z 295.1068, calcd for 295.1056), requiring seven degrees of unsaturation. The IR spectrum exhibited absorption bands for hydroxy (3396 cm -1 ) and conjugated carbonyl (1678 cm -1 ) groups. The 1 H NMR spectroscopic data (Table 3 ) showed one set of 1,2-disubstituted benzene protons, one singlet arene proton and seven protons connected with oxygenated carbons. The 13 C NMR and DEPT spectroscopic data (Table 3) showed two methylenes (both oxygenated), eight methines (three oxygenated and five olefinic), and four quaternary carbons (one carbonyl and three olefinic).
Taking into account the seven degrees of unsaturation and the spectroscopic evidence discussed above, compound 3 was speculated as 3-indolecarboxylic acid ester with a linear-carbon- Figure 4 ). Therefore, compound 3 was established as shown and named plasiaticine H. (Table 4 ). 13 C NMR data showed thirteen carbon signals, including an α,β-unsaturated carbonyl group and gem-dimethyl. The NMR data showed that compound 4 possessed the structural core of ionone, which is widely distributed in plants. The HMBC correlations of H-2 with C-1, C-3 and C-6， H-4 with C-2, C-6 and C-13, H-10 with C-9 and C-8, H-7 with C-1, C-6, C-5, and C-8, H-11 (H-12) with C-1, C-2 and C-6 and 1 H-1 H COSY correlations of H-7/H-8/H-9/H-10 confirmed the deduction ( Figure 5 ). The remaining one unsaturation degree suggested that another cycle existed in the compound. The absence of HMBC correlations between H-9 and C-6 excluded the possibility of a five-membered ring. Thus the structure of 4 was determined as shown, and the compound was named plasiaticine I. Compounds 1-3 were assayed for cytotoxicity against the HL-60, SMMC-7721, A-549, MCF-7, and SW-480 human tumor cell lines by the MTS method with cisplatin and taxol as positive controls [25] . However, there was no significant activity with IC 50 values more than 40 μM. The bioactivities of compound 4 were not further tested because of mass limitation.
Traditionally, the seeds of P. asiatica have been used for the treatment of many diseases. However, it is not clear what chemical basis there might be for these activities. This study reported four new compounds, one of which was a dibenzylbutane lignin, one an acetylenic glycoside, one an indole alkaloid, and one an ionone derivative. The current results expand the structurally interesting isolates from the seeds of P. asiatica.
Experimental

General experimental procedures:
Optical rotations were measured with a JASCO DIP-370 digital polarimeter. UV spectra were obtained using a Shimadzu UV-2401A spectrophotometer, IR spectra (KBr pellets) with a BioRad FtS-135 spectrophotometer, CD spectra on a JASCO J-810 spectropolarimeter, and 1D and 2D NMR spectra on Bruker AM-400, DRX-500 and Bruker Avance III-600MHz spectrometers. Unless otherwise specified, chemical shifts () are expressed in ppm with reference to the solvent signals. Highresolution electron impact mass spectra (HREIMS) were obtained on a VG Autospec-3000 spectrometer under 70 eV. Column chromatography (CC) was performed using silica gel (200-300 mesh, Qingdao Haiyang Chemical Co., Ltd., Qingdao, China 
Cytotoxicity assay:
The following human tumor cell lines were used: HL-60, MMC-7721, A549, MCF-7, and SW480. All cells were cultured in either RPMI-1640 or DMEM medium (Hyclone, Logan, UT), supplemented with 10% fetal bovine serum (Hyclone) at 37 o C in a humidified atmosphere with 5% CO 2 . Cell viability was assessed by colorimetric measurements of the amount of insoluble formazan formed in living cells based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4sulfopheny)-2H-tetrazolium (MTS) (Promega) [ 670 Natural Product Communications Vol. 11 (5) 2016 Gao et al.
of adherent cells was seeded into each well of a 96-well cell culture plate and allowed to adhere for 12 h before drug addition, while suspended cells were seeded just before drug addition, both with an initial density of 5 × 10 3 -1 × 10 4 cells/mL in 100 μL of medium. Each cell line was exposed to the test compound at various concentrations in triplicate for 48 h, with cisplatin (Sigma) and taxol (Sigma) as positive controls. After the incubation, the medium containing compounds was removed, and the cells were incubated for 1-4 h at 37 o C in the dark with 20 μL of the MTS reagent diluted in 100 μL of culture medium. The optical density was measured at 490 nm in a 96-well microtiter plate reader (Bio-Rad 680). The IC 50 value of each compound was calculated by Reed and Muench's method [26] .
Supplementary data: 1 H, 13 C, 1 H-1 H COSY, HMQC, HMBC, and mass spectra of compounds 1-4 and NOESY of compounds 1 and 3 are available.
